The spread of antimicrobial resistance is an increasing problem worldwide. The use of antibiotics in farms has resulted in antibiotic resistant bacteria being found in food animals. As Singapore imports most of its food, and therefore has no control of animal husbandry practices, a small study was carried out to see if methicillin-resistant Staphylococcus aureus (MRSA) and Enterobacteriaceae containing bla CTX-M extended spectrum β-lactamase (ESBL) genes could be found in retail meat sold locally.
The spread of antimicrobial resistance is an increasing problem worldwide. The use of antibiotics in farms has resulted in antibiotic resistant bacteria being found in food animals. As Singapore imports most of its food, and therefore has no control of animal husbandry practices, a small study was carried out to see if methicillin-resistant Staphylococcus aureus (MRSA) and Enterobacteriaceae containing bla CTX-M extended spectrum β-lactamase (ESBL) genes could be found in retail meat sold locally.
Beef (n=10) and pork (n=20) were purchased from 15 supermarkets across Singapore.
The beef was imported from Australia (n=4), Brazil (n=3), and New Zealand (n=3). The pork was imported from Australia (n=6), Indonesia (n=6), Brazil (n=4), and Malaysia (n=4).
Upon arrival in the laboratory, 25 g of meat was placed in a stomacher bag containing 225 ml of buffered peptone water and macerated in a stomacher for 90 secs at 260 rpm. For MRSA, a 0.6 ml aliquot was added to 3 ml of brain heart infusion broth (BHIB) with 6 mg/L oxacillin and incubated overnight at 35ºC. For ESBL-producing Enterobacteriaceae, the remainder in the stomacher bag was incubated overnight at 35ºC.
After incubation, 10μl of the incubated broths were diluted 1:100 in buffered peptone water. Then, 10μl of the diluted BHIB was plated onto MRSASelect agar (Bio-Rad) and 10μl of the diluted buffered peptone water from the stomacher bag was plated onto ChromID ESBL (bioMérieux), in duplicate. The plates were incubated at 35°C overnight and later checked for growth. The isolates were identified by MALDI-TOF (Bruker) and susceptibility testing was performed according to CLSI guidelines. 1 MRSA were typed by multi-locus sequence and spa typing. 2, 3 CTX-M genes were grouped by multiplex PCR. 4 We only isolated one MRSA. This was from a pork shoulder imported from Australia.
The isolate was resistant to penicillin and cefoxitin, but susceptible to gentamicin, tetracycline, erythromycin, clindamycin, trimethoprim-sulfamethoxazole, rifampicin, fusidic acid, and ciprofloxacin. It was typed to ST3533-MRSA-IV, spa type t015. This novel sequence type is a double locus variant of ST45. The livestock-associated MRSA typically found in pigs are ST398
and ST9. 5 ST45 is the founder of clonal complex CC45 which is a human clone of MRSA initially described in Europe, but since found worldwide. 5 This clone is hospital-associated in most countries including Singapore, but may be community-associated in Australia. 6, 7 The fact that this isolate was susceptible to ciprofloxacin is suggestive of community acquisition.
bla CTX-M -positive Enterobacteriaceae were found in 1 beef and 4 pork samples (Table 1) .
bla CTX-M-1 group is widespread worldwide and appears to be the most common CTX-M gene group found in humans in Singapore and Australia. 8, 9 The bla CTX-M-8 group was first described in Brazil and is relatively uncommon. 10 We were unable to find any publications reporting bla CTX-Mpositive Enterobacteriaceae isolated from pigs in Australia and Indonesia. However these bacteria (bla CTX-M-1 group positive Enterobacteriaceae particularly) have been reported in pigs in other countries.
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This study is limited by a small sample size. Since we did not sample the source animals, we cannot exclude human or environmental contamination occurring during the long journey from farm to retail store. We suspect the MRSA found in pork shoulder represents human contamination. Finding antibiotic resistant bacteria in food products, by itself does not prove that this is the normal route by which humans acquire the resistance determinants. However despite these limitations, we have demonstrated that antibiotic resistance determinants can be found in bacteria isolated from retail meat in Singapore and may potentially result in their acquisition in the community. 
